Background: Leukocyte telomere has been shown to be related to insulin resistance-related diseases, such as type 2 diabetes mellitus (T2DM) and non-alcoholic fatty liver disease (NAFLD). This cross-sectional study investigated the association of leukocyte telomere length (LTL) with NAFLD in T2DM patients. Methods: Clinical features were collected and LTL was measured by Southern blot-based terminal restriction fragment length analysis in 120 T2DM patients without NAFLD and 120 age-matched T2DM patients with NAFLD. NAFLD was clinically defined by manifestations of ultrasonography. The correlation between LTL and clinical and biochemical parameters were analyzed by Pearson correlation or Spearman correlation analysis. Factors for NAFLD in T2DM patients were identified using multiple logistic regressions. Results: LTL in T2DM patients with NAFLD were significantly longer than those without NAFLD (6400.2 ± 71.8 base pairs [bp] vs. 6023.7 ± 49.5 bp, P < 0.001), especially when diabetes duration was less than 2 years. Meanwhile, the trend of shorter LTL was associated with the increased diabetes duration in T2DM patient with NAFLD, but not in T2DM patients without NAFLD. Finally, LTL (odds ratio [OR]: 1.001, 95% confidence interval [CI]: 1.000-1.002, P = 0.001), as well as body mass index (OR: 1.314, 95% CI: 1.169-1.477, P < 0.001) and triglycerides (OR: 1.984, 95% CI: 1.432-2.747, P < 0.001), had a significant association with NAFLD status in T2DM patients. Conclusions: T2DM patients with NAFLD had a significantly longer LTL than those without NAFLD. The longer LTL was especially evident in the early stage of T2DM, indicating that longer LTL may be used as a biomarker for NAFLD in T2DM patients.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is the most frequent cause of liver disease, [1, 2] and has a sharp rise in the prevalence in many parts of the world. [3, 4] NAFLD and type 2 diabetes mellitus (T2DM) coexist frequently, since they share the common pathogenic characteristics of insulin resistance and excess adiposity. [5] [6] [7] Several studies suggest that the prevalence of NAFLD in T2DM may range from 29.6% to 87.1%. [8] [9] [10] [11] [12] [13] T2DM may increase the risk of cirrhosis, hepatocellular carcinoma, and liver-related death. [14, 15] Meanwhile, NAFLD may increase the risk of major adverse cardiac events and the overall mortality in T2DM. [16, 17] These findings indicate that screening for NAFLD should be considered in T2DM patients, and biomarkers for screening of NAFLD to facilitate diagnosis are critical.
Telomeres are regions of repetitive G-rich DNA at the ends of eukaryotic chromosomes that protect the chromosomes tips from end-to-end fusion and degradation. [18] Leukocyte telomere length (LTL) is assumed to be a marker of chronic inflammation and systemic oxidative stress resulting in higher leukocyte turnover. [19] Previous cross-sectional clinical studies indicate that telomere length could be a useful indicator of risk for metabolic disease. [20] And it is suggested that shorter telomere length is related to components of metabolic dysfunction, such as insulin resistance, abdominal obesity, and hypertension. [19] Shorter telomere length also predicts development of insulin resistance and T2DM [20] [21] [22] and progression of the metabolic syndrome. [23] Telomere length is also linked to the NAFLD, [24] but there are conflicting findings related to telomere length and NAFLD. Aravinthan et al [25] demonstrated hepatic telomere length was shorter in NAFLD.
Additionally, shorter telomere length in peripheral blood leukocytes was also reported in NAFLD. [26] However, one clinical study with a large population in USA indicated that telomere length was not associated with NAFLD after adjustment for confounders in the National Health and Nutrition Examination Survey. And shorter telomere length was only found in certain ethnical groups, such as the Mexican-origin population. [27] Furthermore, another study suggested that only the subjects aged 20 to 39 years with NAFLD had shorter telomere length, whereas elderly subjects with NAFLD had even longer telomere length. [28] Thus, the relationship between NAFLD and LTL is still ambiguous in particularly whether such relationship, could be affected by ethnicity and age. In the present study, we assess the association between LTL and NAFLD in Chinese T2DM patients.
Methods

Ethical approval
This study was approved by the ethics committee of Tongji Hospital. The procedures complied with the provisions of the Declaration of Helsinki. Informed consent has been obtained from patients.
Patients
Participants were T2DM patients from the Tongji Hospital of Tongji Medical College, Huazhong University of Science and Technology, between August 2012 and April 2017. Patients were excluded under the following conditions: (1) current drinkers and ex-drinkers, (2) virus hepatitis, (3) malignant neoplasm, (4) exposure history of radioactive substances, (5) auto-immune hepatitis, (6) treatment with systemic corticosteroids, (7) pregnancy, (8) drug-induced liver disease, (9) secondary diabetes, (10) Wilson disease, and (11) biliary obstructive diseases. A total of 240 Chinese Han ethnicity patients were included in this study. The age of patients ranged from 24 to 84 years. All 240 T2DM patients were divided into two groups, and one group consisted of 120 T2DM patients with NAFLD. The other consisted of 120 age-matched T2DM patients without NAFLD.
Terminal restriction fragment (TRF) length
AxyPrep Blood Genomic DNA Miniprep kit (Axygen, Corning, Inc., NY, USA) was used for blood genomic DNA extraction. The concentrations of DNA samples were measured by Nanodrop spectrophotometer (Nano-Drop2000; Thermo Scientific, Carlsbad, CA, USA). Genomic DNA was digested by Hinf I (R0155L; New England Bio Labs, Beverly, MA, USA) and RsaI (R0167L; New England Bio Labs). Then, agarose gel electrophoresis was applied to separate the digested DNA. After that, the gel was denatured. The gel was neutralized after drying. Then, the gel was pre-hybridized with prehybridization solution. A 32 P-labeled telomeric probe was used to detect telomeres. After the gel was washed, it was then exposed to a phosphor imager (Storm 860 Molecular Dynamics, Sunnyvale, CA, USA) and scanned with a Typhoon scanners (FLA 9500; GE Healthcare, Pittsburgh, PA, USA). The weighted mean telomere length was calculated. [29] Clinical diagnosis for NAFLD Guideline for diagnosis of NAFLD was in accordance with the Asia-Pacific Working Party. [30] NAFLD was determined by ultrasonography. Ultrasonography was carried out by senior radiologists (each having more than 10 years' experience). Hepatic steatosis was estimated by the increase of hepatic-renal echo-intensity ratio.
Statistical analysis
All data analysis was performed using SPSS (version 22.0; SPSS Inc., Chicago, IL, USA). Distribution of the continuous variables was carried out by Kolmogorov-Smirnov test. Normally distributed data were expressed as the mean ± standard deviation, and data with non-normal distributions were expressed as median (interquartile range). Student's t test was used to test the difference between means of normally distributed data, and the Mann-Whitney U test was applied for data that were not normally distributed. Categorical variables were presented as n and were compared by the Chi-square test. Pearson correlation analysis was performed to examine the relationship between LTL and normally distributed parameters, and Spearman correlation was used to test the association between LTL and non-normally distributed parameters. Multiple logistic regressions were performed with relevant variables that were significantly different between T2DM patients with and without NAFLD. The analysis of variance trend analysis with polynomial contrast was used to estimate the relationship between the LTL and diabetes duration. The accuracy of LTL as biomarker for NAFLD in T2DM patients was calculated by area under the receiver operating characteristic (ROC) curve (AUC). A value of P < 0.05 was considered statistically significant.
Results
Characteristics of patients
General characteristics of the patients in the study are summarized in Table 1 . There was no statistical difference in age between T2DM patients with or without NAFLD. T2DM patients with NAFLD had higher body mass index (BMI) and abdominal circumference than those without (all P < 0.001). Aminotransferase (ALT), c-glutamyltransferase (GGT), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), fasting plasma glucose (FPG), fasting plasma C-peptide (FC-P), and homeostasis model assessment of insulin resistance (HOMA-IR) index in T2DM patients with NAFLD were significantly higher compared to those in T2DM subjects without NAFLD (all P < 0.05). After adjustment for age, BMI, abdominal circumference, serum levels of ALT, GGT, TC, TG, FPG, and FC-P, and HOMA-IR index in T2DM patients with NAFLD were still significantly higher than those in T2DM patients without NAFLD (all P < 0.05) (data not shown). By contrast, high-density lipoprotein cholesterol (HDL-C) in T2DM patients with NAFLD was significantly lower than that in T2DM patients without NAFLD (P < 0.01).
Leukocyte telomere length in T2DM patients with and without NAFLD
For patients in this study, LTL of patients ranged from 4502 to 8993 base pairs (bp). After adjustment for age, LTL in T2DM patients with NAFLD (6400.2 ± 71.8 bp) was significantly longer than that in T2DM patients without NAFLD (6023.7 ± 49.5 bp) (P < 0.001). In addition, T2DM patients with NAFLD had longer LTL than those without NAFLD within all age groups (20-39 years, 40-59 years, and ≥60 years) [ Figure 1 ].
Association of LTL with age and diabetes duration
We next investigated the correlation between LTL and a cluster of anthropometric and biochemical parameters by Pearson correlation or Spearman correlation analysis [ Table 2 ]. The analysis indicated a statistically significant negative association of LTL with age (r = À0.343, P < 0.001) and diabetes duration (r = À0.165, P = 0.010). 
Relationship between diabetes duration and LTL
To further explore the effect of diabetes duration on LTL, both T2DM patients with and without NAFLD were stratified into four subgroups by diabetes duration (<2 years, 2-4.9 years, 5-8 years, and >8 years). T2DM patient with NAFLD had significantly longer LTL than those without NAFLD when diabetes duration was less than two years (P < 0.005) [ Figure 2A ]. Notably, we observed that the trend of shorter LTL was associated with the increased diabetes duration in T2DM patient with NAFLD, but not in T2DM patients without NAFLD [ Figure 2B and 2C].
Leukocyte telomere length is an independent factor for NAFLD in T2DM patients Factors for NAFLD in T2DM patients were identified using multiple logistic regressions that included BMI, abdominal circumference, ALT, GGT, TC, TG, LDL-C, HDL, FPG, FC-P, and LTL, since these variables were significantly different between T2DM patients with and without NAFLD. LTL significantly associated with NAFLD in T2DM patients (odds ratio [OR]: 1.001, 95% confidence interval [CI]: 1.000-1.002, P = 0.001), together with BMI (OR: 1.314, 95% CI: 1.169-1.477, P < 0.001), and TG (OR: 1.984, 95% CI: 1.432-2.747, P < 0.001). After adjusting for HOMA-IR values which represent the extent of insulin resistance, LTL, BMI, and TG were still significantly associated with NAFLD.
ROC curves for NAFLD and comparison of AUCs
The ROC curves shown in Figure 3 represented the diagnostic accuracy of the LTL and telomere model (LTL + BMI + TG) for NAFLD. The area under the ROC curve AUC was 0.860 (95% CI: 0.804-0.917) for the telomere model and 0.654 (95% CI: 0.573-0.734) for LTL alone. The AUC of the telomere model was larger than that of LTL alone (P < 0.001). Setting cut-off value at 6346.22 bp as calculated by the Youden index, sensitivity of LTL as biomarker for NAFLD in T2DM patients was 51.7% and specificity was 75.0%.
Discussion
The present cross-sectional study indicated that T2DM patients with NAFLD had significantly longer LTL at the early stage of T2DM, and LTL was negatively associated with age and diabetes duration. The trend of shorter LTL was associated with the increased diabetes duration in T2DM patient with NAFLD, but not in T2DM patients without NAFLD. In addition, LTL was significantly associated with the NAFLD status in T2DM patients.
Our results identified that T2DM patients with NAFLD had significantly longer LTL. Agreement with recent report by Kim et al, [28] they found that NAFLD had a longer LTL in 2419 elderly participants (aged over 60 years). Indeed, NAFLD had longer LTL within all age groups in our study when the T2DM patients were stratified by age (20-39 years, 40-59 years, and ≥ 60 years). The common feature of T2DM patients and elderly subjects were insulin resistance. Therefore, these two studies may suggest that NALFD presented with longer LTL under severe insulin resistance condition. Other studies had found that NAFLD had shorter LTL, which were only observed in the USA adults (aged 20-39 years) [28] or Mexican-origin population. [27] This suggests that the LTL in NAFLD might partially depend on ethnicity and age.
In terms of NAFLD, the mechanism linking LTL with NAFLD is still unclear. Although there is evidence that short LTL is closely related to systemic oxidative stress and chronic inflammation, which were pathogenic characteristics of NAFLD, longer LTL was also observed in some other oxidative stress and inflammation-related diseases, such as chronic pancreatitis, [31] hepatitis B virus-related hepatocellular carcinoma, [32] and telomeres in visceral adipose tissue were longer even in T2DM patients. [33] In addition, LTL had been shown to increase with time in obese patients with impaired glucose. [34] Therefore, longer LTL seemed to be often associated with metabolic diseases.
Our findings that longer LTL was negatively associated with age and diabetes duration were in line with previous studies, [35, 36] although the association of LTL and diabetes duration lost statistical significance after adjustment for age. Notably, in this study we could not find any evidence that LTL was correlated with insulin secretion and sensitivity. Although our results may be due to the fact that subjects in our study had severe insulin resistance, our results were consistent with a previous study which also identified that LTL was not associated with insulin resistance in cross-sectional study, and LTL is more likely to predict insulin resistance later in life. [22] We also found that NAFLD presented with significantly longer LTL mainly in the early stage of diabetes. Interestingly, another study by Fan et al [37] showed that T2DM patients who developed NAFLD had shorter LTL at the last follow-up, but their baseline LTL was longer in T2DM patients who tended to develop NAFLD later (the differences were not statistically significant possibly due to a small sample size in their study). In addition, T2DM patients tended to develop NAFLD in that study also had shorter diabetes duration. [37] Based on these observations, we hypothesized the following scenarios: (1) T2DM patients with NAFLD had a longer LTL in the early the stage of T2DM; (2) the shortening rate of LTL in T2DM patients with NAFLD was higher than those without with the extension of diabetes, thus T2DM patients with NAFLD may finally have shorter LTL. If our hypotheses are true, longer LTL might be a useful biomarker for early diagnosis and intervention of NAFLD in T2DM patients, which might be more important than shorter LTL just as the indicator in later stage of NAFLD.
Our results also suggested that telomere length was associated with the NAFLD status in addition to BMI and TG in T2DM patients. A recent study revealed that BMI was related to the long-term prognosis in NAFLD patients. [38] Hypertriglyceridemia was also associated with NAFLD. [39, 40] Subjects with metabolic syndrome tended to develop NAFLD. [41] HOMA-IR index was also considered as risk factor for NAFLD. [42] In this study, HOMA-IR index was included into the logistic regression analyses, which was in agreement with our previous report. [43] Telomere length was shown as a biomarker of NAFLD, which was independent of higher BMI, TG, and insulin resistance.
We would like to underline the strengths and limitations of the study. First, our study uncovered that the positive correlation between longer LTL and NAFLD at the early stage of T2DM. It may provide a clinically feasible, safe, and effective method to detect NAFLD. Second, TRF length analysis was applied in our study to estimate LTL, which is a Southern blot-based method and is considered as a gold standard. This method is more accurate and repeatable compare to quantitative polymerase chain reaction in other studies. More importantly, TRF analysis provided an exact value of LTL. Third, ultrasonography was used to diagnose NAFLD in our study. The previous studies [27, 28] that aimed to examine the relationship between LTL and NAFLD defined NAFLD according to high serum ALT level, which may result in misdiagnosis of NAFLD. The limitations of our study include the follows. First, our study lacked a population-based healthy control group and patients only with NAFLD. Second, our study did not apply more accurate NAFLD diagnosis methods such as computed tomography scan, magnetic resonance imaging (MRI), or biopsy-proven steatosis. However, liver biopsy, considered the gold standard for NAFLD, had been recommended only in NAFLD patients tended to develop non-alcoholic steatohepatitis because of invasive nature. [44] MRI gave the highest precision to detect hepatic steatosis, but was time-consuming and expensive. [45] [46] [47] Therefore, ultrasonography was still the most widely available test due to safety, low cost, and accessibility, and with acceptable sensitivity and specificity. [48, 49] Third, our study is cross-sectional and longitudinal studies are essential to evaluate the role of telomere length as a potential predictor to assess pathogenesis of NAFLD in T2DM patients.
In summary, our findings may indicate a critical role of longer LTL as an early response to the metabolic stress induced by NAFLD in T2DM patients. In addition, our results suggest that LTL may play a role in the detection of NAFLD in T2DM patients. Further studies are necessary to explore the mechanism linking longer LTL and NAFLD in T2DM patients.
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